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I ni, rhesis describes the in vivo (enrapped cclls) and the in vitro (enzyme preparati-
ons) production of catechols using cell cultures of Mucuna pruriens L.. The bioconver-
sion spe.ctrum was studied and kinetic parameters were determined.
In Chapter 1 the current state of plant cell biotechnology and the possibilities to pro-
duce valuable compounds by means of biosynthesis and bioconversion are discussed.
In Chapter 2 the methods of analysis, used throughout the studies, are presented. A
general isolation procedure for catechols is described. Sample purification was perfor-
med on Sephadex G l0 and catechols were concentrated on Affigel 601, resulting in
samples, free of proteins, polysaccharides and electrolytes, and directly suitable for
identification by mass spectrometric analysis. A new technique, combined liquid chro-
matography / mass spectrometry (I-C[\4S) is presented. This method offen the advanta-
ge to omit derivatization, as necessary for GCÀ4S and to monitor the mass spectra of
compounds which can be seperated with HPLC, on line. To allow an accurate kinetic
comparison between in vivo an in vitro bioconversion, a protein assay was adapted for
freely suspended and ennapped cells, as well as for enzyme preparations.
The bioconversion of L-tyrosine into L-DOPA was used for kinetic studies with cells
of M. pruriens entrapped in calcium alginate, calcium pectinate, agaÍose or gelatine
(Chapter 3). In all cases L-DOPA was released directly into the incubation medium and
on the basis of initial rates of bioconversion Michaelis-Menten kinetics was applied. For
all matrices, the apparent affinity consÍants were comparable wiÍr the affinity constants
obtained with enzyme preparations. Comparison of the apparent maximum rate of bio-
conversion of the enftapped cells and the maximum rate of bioconvenion of a cell ho-
mogenate, indicated that the plant cell systems did not operate optimally.
Measurement of the effective diffusivities of L-tyrosine with empty beads showed
that this subsfiate could diffuse freely into the matrices. From the calculated observable
moduli it was concluded that the diffusional supply rate of L-tyrosine was not the limi-
ting factor. For oxygen, used by both bioconversion and cell respiration, the calculated
moduli indicated strong limitations. Based on the highest cell viability and the highest
rates of bioconversion, alginate ennapped cells of M. pruriens formed the best biocata-
lytic system for the production of L-DOPA from L-tyrosine.
Alginate entrapped cells of M. pruriens were used for further investigations on t}re
production of catechols. It was shown that 14 pcra-substituted monophenols, including
several not naturally occurring compounds could be converted into the conesponding
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catechols (Chapter 4). Analysis of the bioconversions demonstrated that the bioconver-
sion spectra of the entrapped cells and of enzyme preparations were identical. All pro-
duced catechols were released into the incubation medium, allowing efficient isolations.
The identity of fte products was conhrmed by LCÀ4S or by the desorption chemical io-
nization technique, depending on the catechol.
For further kinetic studies of alginate enrapped cells of M. pruriens, the bioconver-
sion of tyramine, para-hydroxyphenylpropionic acid, para-hydroxyphenylacetic acid
and L-tyrosine were chosen (Chapter 5). The apparent affinity constants were compara-
ble with the affinity constants obtained with phenoloxidase preparations. The apparent
maximum rates of bioconversion of the entrapped cells were about 50Vo of the maxi-
mum rates of a cell homogenate. This indicates that the cell system did not operate opti-
mally.
The effective diffusivities of the subsrarcs and the products were measured with al-
ginate entrapped, inactivated cells. From five inactivation methods tested, glutaric alde-
hyde treatment appeared to be relatively the best meftod. The effective diffusivities
found for the monophenols and catechols demonstrated that these compounds were able
to diffuse freely inlo and out of the beads. The calculated observable moduli for the four
monophenolic substrates indicated that the diffusional supply rates were not the limiting
factor, but for the ortho-hydroxylation of tyramine a value higher than I was found.
From the moduli calculated for oxygen, it was concluded that there were strong oxygen
limitations for each bioconversion.
Two additional system paÍameters were investigated. By varying the cell aggïegate
size for entrapment, it was demonstrated ttrat the bioconvenion rates were dependent on
the degree of cell-matrix contact. By varying the charge of beads, it was shown that the
mixing conditions chosen for our kinetic studies were sufficient.
The low substrate specificity of alginate enrapped cells of M. pruriens opens per-
spectives for the ortho-hydroxylation of substrates with more complex chemical structu-
res. Aminoteralin derivatives and related compounds were successfully subjected to in
vivo and in vito bioconversion (Chapter O. The 5-, 6- and 7-hydroxy-aminotetralins
and a tricyclic substrate, 9-hydroxy N-n-propyl hexahydronaphthoxazine were conver-
ted into catechols. For all bioconversions with the entrapped cells the release of cate-
chols was observed. In general, the bioconversion products were separated and isolated
by preparative HPLC using a volatile acehte buffer. The identity of the products was
confirmed by the desorption chemical ionization technique.
Finally, a continuous flow system for the production of 7,8-dihydroxy N-di-n-propyl
aminotetralin was developed. The system consisted of a Mucuna-phenoloxidase suspen-
sion in dialysis tubing as the biocatalysator in an airlift-fermentor and an aluminium
oxide column for continuous selective product isolation.
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The final chapter (7) deals with general aspects concerning the production of cate-
chols by in vivo and in vitro bioconversion. In order to enhance the bioconversion effi-
ciency of alginate entrapped cells of M. pruriens, the freely suspended cells were sub-
jected to two procedures focussed on the selection of cells with high phenoloxidase
activity. The procedures based on selection for the green colour as a criterion for the
presence of chloroplasts, and for fluoro-tyrosine resistance were not. successful.
From a comparison of phenoloxidase activities in cells of M. prnriens with those in
cells derived from non-L-DOPA accumulating plant species, it was concluded tlat sus-
pension gïown cells of M. pruriens were the best source for enzyme activity.
Finally, suggestions are made with respect o an optimal use of the phenoloxidase ac-
rivity in ivo or in vitro and aspects concerning the production of valuable compounds
by plant cells and derived enzyme preparations are discussed.
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